In the paper density functional theory method was applied to explore the electronic and magnetic properties of the GdNiSb in low-temperature phase with cubic MgAsAg-type structure and in the high-temperature phase. The calculations were performed by first principles full-relativistic full potential local orbital method within the local spin density approximation. The calculations results show the metallic character of GdNiSb compound in the high-temperature phase with hexagonal AlB 2 -type structure. For the low-temperature phase of the cubic GdNiSb system, they indicate a semiconducting behavior. The density of states below the Fermi level is greater in high-temperature phase than in low-temperature one, the calculated magnetic moment is in good agreement with an available experimental value.
Introduction
Intermetallic compounds that have attracted a great deal of attention during the last years are known as LnMX, where Ln is a lanthanide element, M is a transition metal and X is an sp-electron element. These compounds offer a large variety of structure types [1, 2] . Among this family there is focus on electronic, transport and magnetic properties such as fermionic [3, 4] , heavy-fermion and half-metallic behaviors in some Ce compounds [5, 6] , giant magnetoresistance in heavy rare--earth compounds [7] [8] [9] . These ternary compounds of rare earths have been studied intensively in recent years [10] [11] [12] [13] [14] [15] .
In this paper, the electronic structure of GdNiSb compound has been studied using the local spin density approximation (LSDA) implemented in the full potential local orbital (FPLO 9.00) [16] [17] [18] . GdNiSb compound crystallizes in an ordered variant of the AlB 2 structure. Here the nickel and antimony atoms are ordered on the B position of the AlB 2 structure, resulting in a doubled c axis in Fig. 1 (ZrBeSi-type structure, P 63/mmc, No. 194) for HT phase and in MgAgAs-type structure for LT phase (F43m, No. 216), as is shown in Fig. 2 . We used the Wyckoff positions and the lattice constants measured by the single-crystal X-ray diffraction method [19, 20] . The band calculations were performed for two phases based
on the experimetal lattice parameters taking into account their potential applications in magnetic sensors, magnetic random access memories (MRAM) and spintronics [21] , the rare-earth compounds are widely considered to be very promising materials.
Method of calculations
In order to study electronic structure of the ferromagnetic GdNiSb compound, we used the FPLO-9.00 code [16, 17] . The LSDA exchange-correlation potential was used in the Perdew and Wang form [22] . The full--relativistic self-consistent calculations were performed for 14×14×14 k-mesh which corresponds to 192 k-points in the irreducible Brillouin zone. Computations of band structure and electronic densities of states (DOS) were done with spin-polarization and default initial spin splitting. The self-consistent criterion was equal to 10 −8 Ha for the total energy.
Results and discussions
We present results of full-relativistic band structure calculations based on the first principles. The plots of the band structure of HT and LT GdNiSb compound are presented in Figs. 3 and 4 , respectively. The metallic ground state of the hexagonal GdNiSb was confirmed in contrast to the semiconducting behavior found in the cubic GdNiSb compound. The total and partial DOS per unit cell are presented in Figs. 5 and 6 for HT and LT phases with separated spin-up and spin-down channels. The contribution from Gd, Ni, and Sb atoms to the total DOS were also given. For HT and LT phase structure, the main peaks are located near −5 eV < E < 1 eV and −5 eV < E < 1.5 eV, containing the contribution of antibonding bands formed by 4f states of Gd for both phases. The bonding-band peaks located between −2 and −0.5 eV are ascribed to 3d states of Ni atom. For HT phase structure, the total DOS at the Fermi level is equal to zero and close to zero (1.58 states/eV) for LT-and HT-phase structures, respectively. Although the position and width of peaks are modified partially, both LT and HT phases are quite similar as to the shape of the total DOS. The density 4f (3d) states of Gd (Ni) atom of HT phase at the Fermi level has slightly higher value (within the numerical accuracy of the code) than that of LT structure. We also show the magnetic moment in Table, the result shows that theoretical values are in good agreement with an available experimental value.
